KTP temperature. Photorefractive damage limits the second harmonic generation at higher pump levels (the pump diode generates a maximum power of 10 W). A numerical model based on the experimental results suggests that a more resistant, noncritically phasematched LBO crystal would improve the overall performance exploiting the full pump power. The present performance represents to our knowledge the best result for a medium power DPSS source, and it has been carefully designed to meet the requirements of simplicity, ruggedness, and compactness for a reliable use in biomedical and environmental applications. Mode-hopping is an undesirable feature in many lasers, occuring when there are small changes in the cavity length or a change in position of the gain peak. In addition to their obvious applications as efficient visible light sources,1'2 a further attractive feature of intracavity frequency-doubled, single-frequency lasers is that axial-mode-hopping is s~ppressed,~ enabling much more robust single-frequency operation and allowing for the possibility of continuous frequency tuning over many axialmode-spacings by means of only a simple cavity length adjustment. The explanation for this behavior is based on the fact that adjacent (nonlasing) axial modes are further suppressed by an additional loss resulting from sum-frequency generation4 which is twice the loss resulting from second harmonic generation experienced by the lasing mode. In a low-loss resonator with efficient intracavity frequency-doubling this extra loss can more than offset any gain advantage of adjacent modes closer to the gain peak. The net result is that continuous (mode-hop-free) tuning is possible over many axial mode spacings.
Mode-hopping is an undesirable feature in many lasers, occuring when there are small changes in the cavity length or a change in position of the gain peak. In addition to their obvious applications as efficient visible light sources,1'2 a further attractive feature of intracavity frequency-doubled, single-frequency lasers is that axial-mode-hopping is s~ppressed,~ enabling much more robust single-frequency operation and allowing for the possibility of continuous frequency tuning over many axialmode-spacings by means of only a simple cavity length adjustment.
The explanation for this behavior is based on the fact that adjacent (nonlasing) axial modes are further suppressed by an additional loss resulting from sum-frequency generation4 which is twice the loss resulting from second harmonic generation experienced by the lasing mode. In a low-loss resonator with efficient intracavity frequency-doubling this extra loss can more than offset any gain advantage of adjacent modes closer to the gain peak. The net result is that continuous (mode-hop-free) tuning is possible over many axial mode spacings.
To investigate this effect further we have conducted experiments on a intracavity frequency-doubled Nd:YAG ring laser endpumped by a 20 W diode bar, and more recently on a Nd:YLF ring laser end-pumped by two 20 W diode bars. In each case, a simple bow-tie cavity design was employed, similar to that described in Ref. 1, with a Brewster-angled LBO crystal. In the case of NdYAG for a nonoptimized laser mode size in the LBO crystal the laser produced -1400 mW of singlefrequency output in the green at 532 nm. By varying the cavity length we obtained a singlefrequency, continuous (mode-hop-free) tuning range of -40 GHz corresponding to -80 axial mode spacings. This range is consistent with predictions of a simple model accounting for the effects of nonlinear loss resulting from sum frequency generation.
Suppression of axial-mode-hopping has also been observed in a NdYLF laser. This laser offers the potential of an extended tuning range through its broader linewidth. Furthermore NdYLF is attractive for operation at high powers because of superior thermo-optical properties on the a-polarization compared with NdYAG, providing that appropriate steps are taken to avoid thermally induced stress-fract~re.~ Thus, the expectation of improved conversion efficiencies should allow for a further increase in the mode-hop-free tuning range. Preliminary results for this laser, end-pumped by two 20 W diode bars, include the generation of -10.3 W of single frequency 1053 nm output in aTEM,, beam (M2 < l.l), and -6 W of green output at 526.5 nm (corresponding to -7.8 W generated internally in the LBO) and a conversion efficiency of -5% with respect to intracavity power. So far, the mode-hop-free tuning range has been limited to only -7 axial-mode spacings by &talon effects resulting from imperfect AR coatings on the Nd:YLF rod. However, with better antireflection coatings and further optimization of the resonator configuration a significantly extended tuning range spanning a considerable fraction of the gain bandwidth is expected. 1.
T. Baer, J. Opt. Soc. Am. B 3,9 (1986 The development of compact and efficient allsolid-state-lasers emitting in the visual spectral region is a challenging task for a lot of applications. Especially for large screen visual displays there is a need of cw lasers with 2 W output power in the red (620-630 nm), green (510-540 nm), and blue (440-460 nm) spectral regions. The laser display technique has the advantages of larger color space coverage in comparison to CRT, flexible display norms, and variable screen size in projection techniques. The general advantages in using solidstate-lasers for color generation are efficiency, compactness, maintenance, and robustness.
There are several principles to achieve allsolid-state laser sources in the visible spectral region: (1) External or intracavity frequency doubling of near infrared lasers; (2) External or intracavity frequency mixing of two lasers; (3) Upconversion of ESA pumped lasers; (4) OPO-systems pumped by frequency doubled or frequency tripled near-infrared lasers; and (5) Fundamental and frequency doubled semiconductor lasers.
In this talk we review a few examples of concepts 1 and 2 where we think that such devices can achieve importance within a relatively short time scale, because these lasers are in principle simple. The systems of concept 4 seem to be relatively complicated and must be driven probably in the modelocked regime. Upconversion lasers are today in the stage of fundamental research and need so far pump laser sources with excellent beam quality. Blue, green, and red cw semiconductor lasers with 1 W output power are not in sight for the near future and frequency doubling of near infrared semiconductor lasers is a complicted task because of the bad beam quality of such devices.
Intracavity frequency doubling of 1.06 pmNd-lasers is an accepted method for generating the green color for laser displays. The most simple device is a sandwiched system ofmicrochips of laser material and frequency doubler. With LSB-and KTP-crystals in a microchip setup we have achieved more than 1 W output the diode pump radiation into the SHGoutput at 531 nm. The problem with these lasers is the degrading beam quality at higher cw powers as a result ofthe strong thermal lens in the laser crystal. The beam quality is much better in-for example-a folded cavity that contains the laser crystal and the frequency doubler in the separate arms of the cavity. Multiple watt output with nearly diffractionlimited beam quality is no problem these days with laser materials like NdYAG or NdWO,, and doubling crystals like KTP or LBO.
The situation with red and blue devices is much more complex, because there are no simple IR lasers for direct frequency doubling techniques.
For the blue color, frequency doubling of the Nd3+-ground-state transition is one pospower and conversion efficiencies near 30% of
